proteins toxic to Coleoptera species.
During the process of spore formation, Bacillus thuningiensis synthesizes large amounts of certain proteins, referred to as crystal proteins, that aggregate within the mother cell to form stable, protease-resistant crystals. The sequences of more than 22 crystal proteins, which were deduced from the sequences of cloned crystal protein genes (cry genes), have been reported, and most of these crystal proteins are specifically toxic to lepidopteran insect larvae (caterpillars) (for a review, see reference 14) . Compared with the number of characterized proteins that are toxic to lepidopterans, crystal proteins that are toxic to coleopteran insects (beetles) are rare. Among the few known strains of B. thuningiensis that are toxic to coleopterans, three similar strains of B. thuringiensis (subsp. morisoni and subsp. tenebnionis) have been reported. Each of these strains contains the cryIILA gene, which encodes a crystal protein (CryIIIA) of 73 kDa that is toxic to coleopterans (9, 13, 19, 30) . A fourth strain toxic to coleopterans, B. thuringiensis subsp. tolworthi, contains the cryIIIB gene, which encodes a crystal protein (CryIIIB) of 74 kDa that is toxic to coleopterans (31). Cidaria et al. (3) have also reported the discovery of a strain of B. thuringiensis subsp. tolworthi that is toxic to coleopterans, although the sequence of the gene that is toxic to coleopterans was not determined. The CryIIIA and CryIIIB proteins share 69% sequence identity, and both proteins are primarily toxic to Colorado potato beetle (CPB) larvae (9, 13, 31) .
We have previously described two novel strains toxic to coleopterans, B. thuringiensis EG2838 and EG4961, which were isolated from dust samples taken from crop storage areas (28) . Strains EG2838 (B. thuringiensis subsp. tolworthi) and EG4961 (B. thuringiensis subsp. kumamotoensis) were shown to produce crystal proteins of approximately 70 kDa that reacted with anti-CryIIIA antibodies, and each strain produced smaller crystal proteins of approximately 30 kDa that were not related to the 70-kDa proteins (28) .
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Sporulated cultures containing both spores and crystal proteins of strains EG2838 and EG4961 were toxic to CPB larvae, and EG4961 displayed a moderate level of toxicity to southern corn rootworm (SCR) larvae, a rare and perhaps unique activity among the B. thuringiensis strains that have been reported. Here, we describe the isolation, sequencing, and transcription start site mapping of genes cryIIIB and cryIIIB2 of strains EG2838 and EG4962, respectively, which are toxic to coleopterans. We also show that the gene products display distinct insecticidal activities. Furthermore, we partially characterize two genes that encode crystal proteins of approximately 32 Fig. 2 . Nucleotide differences between the cryIIIB and cryIIIB2 genes appeared to occur randomly throughout the two genes, and gaps were not required to achieve maximum homology (Fig. 2) . A comparison of the upstream noncoding regions showed that the cryIIIB upstream region lacked eight nucleotides that were found between positions -87 and -98 of the cryIIIB2 upstream region (Fig. 2) . The deduced amino acid sequence of the CryIIIB protein (651 residues; 74,237 Da) of strain EG2838 was found to be 94% identical to the deduced amino acid sequence of the CryIIIB2 protein (652 residues; 74,393 Da) of strain EG4961. The CryIIIB and CryIIIB2 proteins were 68 and 69% identical, respectively, to the CryIIIA crystal protein (644 residues), which is toxic to coleopterans.
The cryIIIB and cryIIIB2 genes utilize similar transcription start sites. A 17-mer oligonucleotide that was homologous to both the cryIIIB and cryIIIB2 genes from nucleotides -3 to -19 ( Fig. 2) was used to generate reverse transcripts from EG2838 (cryIIIB+) and EG4961 (cryIIIB2+) total RNA. Primer extension analysis of RNA isolated from strain EG2838 (cryIIIB+) yielded two reverse transcripts (Fig. 3 ) that corresponded to transcription start sites at positions -120 (cytosine) and -121 (thymine) relative to the translation start site of the cryIIIB gene (Fig. 2) . The two cryIIIB transcription start sites were used with roughly equal frequencies, as indicated by the similar intensities of the transcripts (Fig. 3) . A similar analysis of RNA isolated from EG4961 (cryIIIB2+) yielded two reverse transcripts of similar intensities (Fig. 3 ) that corresponded to transcription start sites at positions -128 (cytosine) and -129 (thymine) relative to the translation start site of the cryIIIB2 gene (Fig.  2) . Additional experiments indicated that transcription of the cryIIL4 gene of strain EG2158 was initiated at positions -128 (cytosine) and -129 (thymine) relative to the translation start site of the cryIIL4 gene (result not shown).
FIG. 3. Transcription start sites of the cryIIIB and cryIIIB2 genes.
Lanes cryIIIB and cryIIIB2 contain total RNA of strains EG2838 (cryllIB) and EG4961 (cryIIIB2), respectively, which was reverse transcribed with a radioactively labeled 17-mer primer homologous to nucleotides -3 to -19 of the cryIIIB and cryIIIB2 genes (Fig. 2) . Lanes T, C, G, and A contain the DNA sequence of the cryIIIB and cryIIIB2 genes and were generated with the same 17-mer primer used for the reverse (Fig. 4) . The 74-and 70-kDa proteins reacted with anti-CryIIIA antibodies (results not shown) and corresponded to the expected sizes of the full-length (74-kDa) and processed (70-kDa) forms of the CryIIIB and CryIIIB2 proteins (28) . In addition to the CryIIIB and CryIIIB2 proteins, HD73-26 cells harboring pEG242 and pEG260 produced crystal proteins of approximately 32 and 31 kDa, respectively, which appeared identical in size to the 32-and 31-kDa proteins produced by strains EG2838 and EG4961 (Fig. 4) . The 32-and 31-kDa proteins failed to react with anti-CryIIIA antibodies (results not shown), a result which indicated that the 32-and 31-kDa proteins were not degradation products of the CryIIIB and CryIIIB2 proteins.
To determine the location of the gene for the 32-kDa protein, subclones of the 8.0-kb cryIIIB DNA fragment were generated. HD73-26 cells harboring plasmid pEG262, which contained a 4-kb PvuII-HpaI subclone of the 8.0-kb DNA fragment, produced the 70-kDa CryIIIB protein but failed to produce the 32-kDa protein (Fig. 4) . HD73-26 cells harboring plasmid pEG289, which contained a 3.5-kb HindIII subclone of the 8.0-kb DNA fragment, produced the 32-kDa protein but did not produce the CryIIIB protein (Fig. 4) . These results demonstrated that the gene for the 32-kDa protein, which we refer to as 32kD, was located within a 3-kb region of DNA immediately downstream from the cryIIIB gene.
To determine the location of the gene for the 31-kDa protein, subclones of the 8.3-kb cryIIIB2 DNA fragment were generated. HD73-26 cells harboring pEG269, which contained a 5-kb Sau3A subclone of the 8.3-kb DNA fragment, produced the 70-kDa CryIIIB2 protein but failed to produce the 31-kDa protein (Fig. 4) . A minor band of approximately 29 kDa can be seen on the protein gel in Fig.  4 , lane pEG269. The appearance of this band was erratic in that it was not observed on all gels. Although the exact nature of this band was unknown, the band did not appear to be a truncated form of the 31-kDa protein since it did not react with anti-31-kDa-protein antibodies (result not shown). HD73-26 cells harboring pEG286, which contained a 4-kb HindIII subclone of the 8.3-kb DNA fragment, produced significant amounts of the 31-kDa protein but did not produce the 70-kDa CryIIIB2 protein (Fig. 4) . These results demonstrated that the gene for the 31-kDa crystal protein, referred to as the 3JkD gene, was located within an approximately 3-kb region of DNA immediately downstream from the cryIIIB2 gene.
The CrylIlB and CryIIIB2 proteins possess distinct insecticidal specificities which are not enhanced by the 32-or 31-kDa protein. With clones of the cryIIIB, ctyIIIB2, 32kD, and 3lkD genes, we were able to quantify the insecticidal activities of the individual crystal proteins. A sporulated culture of HD73-26(pEG262) that produced only the CryIIIB protein and a sporulated culture of HD73-26(pEG269) that produced only the CryIIIB2 protein were assayed for toxicity to CPB and SCR larvae. The CryIIIB protein was found to be one-third as toxic to CPB larvae as the CryIIIB2 protein (Table 1) . A more striking difference was seen with regard to SCR toxicity: the CryIIIB protein displayed no measurable toxicity, as quantified by 50% lethal doses, to SCR larvae, which is in contrast to the CryIIIB2 protein, which had a significant toxicity to SCR larvae (Table 1) . However, the toxicity of CryIIIB2 to SCR larvae was relatively low in comparison to its toxicity to CPB larvae ( Table 1) . The CryIIIB and CryIIIB2 proteins displayed no toxicity to the lepidopteran insects Spodoptera exigua, Heliothis virescens, and Plutella xylostella (results not shown). (Table 1 ).
The wild-type strain EG2838 produced both the CryIIIB protein and the 32-kDa protein (Fig. 4) , and we hypothesized that the 32-kDa protein may function to enhance the activity of the CryIIIB protein. A sporulated culture which contained only the CryIIIB protein [HD73-26(pEG262)] had a toxicity to CPB larvae similar to that of a mixture of sporulated cultures [HD73-26(pEG262) plus HD73-26(pEG289)] which contained a 2:1 (wt/wt) ratio of CryIIIB and 32-kDa proteins (Table 1) . Thus, the 32-kDa protein did not enhance the toxicity of the CryIIIB protein to CPB larvae. The wild-type strain EG4961 produced both the CryIIIB2 protein and the 31-kDa crystal protein (Fig. 4) . To test for insecticidal synergism between the CryIIIB2 and 31-kDa proteins, a sporulated culture that contained only the CryIIIB2 protein [HD73-26(pEG269)] was bioassayed with and without the addition of a sporulated culture that contained only the 31-kDa protein [HD73-26(pEG286)]. The mixture of HD73-26(pEG269) and HD73-26(pEG286), which contained a 3:1 (wt/wt) ratio of CryIIIB2 and 31-kDa proteins, had a toxicity to CPB larvae similar to that of the HD73-26(pEG269) culture alone (Table 1) . Furthermore, the mixture of HD73-26(pEG269) and HD73-26(pEG286) had a toxicity to SCR larvae similar to that of the HD73-26(pEG269) culture alone (Table 1) . Thus, the 31-kDa protein did not significantly enhance the insecticidal activity of the CryIIIB2 protein. (1, 36, 37) . The cryIIIB gene encoded a protein (CryIIIB) of 651 residues that shared 94% sequence identity with the CryIIIB2 protein (652 residues) encoded by the cryIIIB2 gene. Despite their high sequence similarity, the two proteins displayed distinct insecticidal activities: the CryIIIB2 protein was approximately threefold more toxic to CPB larvae than the CryIIIB protein, and only the CryIIIB2 protein displayed measurable toxicity to SCR larvae. There are no obvious clusters of nonhomologous amino acids between the CryIIIB and CryIIIB2 proteins, and thus it is difficult to predict which amino acid sequences within CryI-IIB2 contribute to its specificity for SCR larvae. Nevertheless, the knowledge of the sequences of the CryIIIB and CryIIIB2 proteins reported here will be invaluable in answering the question of why the CryIIIB2 protein is toxic to SCR larvae whereas the CryIIIB protein is not.
The 3lkD and 32kD genes, encoding two unusually small crystal proteins of approximately 31 and 32 kDa, were located immediately downstream of the cryIIIB2 and cryIIIB genes, respectively. The small proteins lacked toxicity to CPB larvae, and they failed to enhance the toxicity of the CryIIIB and CryIIIB2 proteins to coleopterans. It is interesting to compare the organization and insecticidal specificities of the cryIII, 31kD, and 32kD genes with those of the cryIVD and cytA genes of B. thuningiensis subsp. israelensis. The cryIVD gene encodes a 72-kDa crystal protein (CryIVD) that is toxic to mosquito larvae (7), and the cytA gene encodes a protein (CytA) of 28 kDa (34) . The insecticidal activity of the 28-kDa CytA protein is controversial: the 28-kDa protein has been reported to enhance the toxicity of the CryIVD protein (15, 16, 38) , while other investigators have reported that the CytA protein does not contribute significantly to the mosquitocidal activity of B. thuringiensis subsp. israelensis (6, 21) . Interestingly, the cytA gene is immediately adjacent to the crylVD gene (7), which is somewhat analogous to the organization of the 3lkD and 32kD genes, which are adjacent to their respective cryIII genes. The significance of this gene organization, in which genes for highly insecticidal crystal proteins (i.e., cryIVD, cryIIIB, and cryIIIB2) are located adjacent to genes for small, apparently noninsecticidal crystal proteins (i.e., cytA, 3MkD, and 32kD), is presently unknown. If a primary function of the crystal proteins of B. thunrngiensis is insecticidal activity, then the apparent lack of activity of the 31-and 32-kDa proteins may be explained by assuming that the target insect(s) for these proteins has not been found. Alternatively, these proteins may perform some function not involved with insecticidal activity. The 31-and 32-kDa proteins do not appear to be essential for the formation of CryIII crystals: recombinant B. thuringiensis strains that harbored the cryIIIB and cryIIIB2 genes but not the 3lkD and 32kD genes produced large amounts of the CryIIIB and CryIIIB2 crystal proteins.
